This paper is based on EVective Health Care, volume 4, no 5, which is an update of a systematic review of randomised controlled trials (RCTs) examining the eVectiveness of diVerent antimicrobial regimens used for the prevention of surgical wound infection in patients undergoing colorectal surgery. Details of the review's methodology are published elsewhere.
Colorectal surgery is associated with a particularly high risk of surgical wound infection due to a high risk of contamination by bacteria from the contents of the large bowel. The use of antimicrobial prophylaxis can help to reduce the risk of wound infections after colorectal surgery from about 40% 6 to around 11%.
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Over the past 20 years, the practice of using antimicrobial prophylaxis before surgery has evolved greatly, with such antimicrobial agents accounting for about half of all antibiotics prescribed in hospitals. 7 Uncertainty exists, however, about which drugs should be used, and about the timing, duration, and route of administration. 8 In addition, thought needs to be given to ways of reducing the spread of antimicrobial resistance. 9 
EVectiveness of antimicrobial prophylaxis ANTIBIOTICS v NO ANTIBIOTICS
As wound contamination by pathogenic bacteria is common and host resistance is often defective, antibiotic prophylaxis should play an important part in preventing infection after colorectal surgery. A systematic review published in 1981 concluded that "no-antibiotic" control groups should not be considered in further trials of colorectal surgery. 10 Since then, however, four RCTs which did use a noantibiotic control group and met the inclusion criteria for the bulletin, have been published. [11] [12] [13] [14] All showed a greatly reduced surgical wound infection rate in the antibiotic group (12.9% v 40.2%: pooled (odds ratio) OR = 0.24, 95% CI 0.13 to 0.43) (fig 1) . This shows that antimicrobial prophylaxis for colorectal surgery is eVective and should be used.
Choice of antimicrobial agent
A total of 152 RCTs were identified, examining more than 70 diVerent antibiotic regimens. It was not possible, however, to identify an optimal antimicrobial prophylaxis regimen. The estimates of eVectiveness were similar for many of the regimens studied, but it is uncertain that all these regimens are equally eVective. The lack of statistically significant findings in over 80% of the included trials may be due, in part, to small sample sizes.
Inadequate regimens
Although an optimal regimen could not be identified, certain regimens were shown to be less eVective for preventing surgical wound infection in colorectal surgery because of inadequate antimicrobial coverage, or inappropriate timing and dosage. For example, the administration of metronidazole alone was shown to be significantly less eVective than metronidazole used in combination with ampicillin, 12 doxycycline, 15 cefuroxime, 16 17 netilmicin, 16 or fosfomycin. 18 This is because metronidazole is active against anaerobic bacteria but ineVective against aerobic bacteria. As both kinds of micro-organisms are present in the bowel, metronidazole should be combined with other antibiotics that are active against aerobic bacteria.
The following antibiotics used on their own were shown to be inadequate at preventing surgical wound infection: metronidazole, 12 15 17 neomycin, 19 gentamicin, 20 doxycycline, 21 22 cefotaxime, 23 tinidazole, [24] [25] [26] and piperacillin. 27 28 Figure 1 Antibiotic prophylaxis v no antibiotic control. [29] [30] [31] [32] [33] No statistically significant diVerences between groups were shown in any of the trials. Similarly, pooling of the results from the six trials did not produce a statistically significant diVerence between the first generation and new generation cephalosporins (overall rate of surgical wound infection: 6.0% v 6.4%; OR = 0.93; 95% CI 0.46 to 1.86).
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Timing and duration of administration
By definition, prophylactic use of antimicrobial agents means administration before the onset of infection. To prevent post-operative infection, it is crucial that the concentration of antibiotics in the tissue surrounding the surgical wound should be suYcient at the time of bacterial contamination. 6 34 The duration of the antibiotic regimen, however, is not so clear.
A total of 17 trials identified in the review compared a single dose regimen with a multiple dose regimen, using the same antibiotic or combination of antibiotics. None of these trials found a significant diVerence in post-operative surgical wound infection rate between the two regimens. Pooling of the results from the 17 trials again showed no significant diVerence between single and multiple dose regimens (10.6% v 9.7%; OR 1.17; CI 0.89 to 1. 54) No evidence exists to suggest that continuing to give antibiotics after the end of the operation reduces the risk of surgical wound infection. Extended use of antibiotics is wasteful and potentially hazardous.
The duration of the operation and the half life of an antibiotic may be related to the eVectiveness of single dose or short term use of antibiotic prophylaxis. One study has reported that an extended duration of an operation is associated with a higher rate of surgical wound infection. 35 However, trials comparing single and multiple dose regimen and reporting duration of operation were unable to provide any convincing evidence about the relation between the eYcacy of single dose regimen and the duration of operation. [36] [37] [38] Clinicians need to consider other factors associated with an increased incidence of infection, such as the need for blood transfusion, 36 39 to decide whether a second dose is required when surgical procedures last more than two hours.
Route of administration
Prophylactic antibiotics can be given via the gastrointestinal system, parenterally or topically. 40 Establishing the eYcacy of diVerent routes of administration of antimicrobial prophylaxis was complicated by the lack of studies addressing this specific question.
No additional benefit was observed in six trials that compared parenteral alone with parenteral plus topical use of antimicrobial prophylaxis. [41] [42] [43] [44] [45] [46] One study compared parenteral administration with an intraoperative intraperitoneal plus subcutaneous application. 47 Both groups received the same antibiotic (cephazolin). No statistically significant diVerence was shown between the two groups with regard to surgical wound infections.
Three of the 12 studies comparing parenteral administration with parenteral plus oral administration of antibiotics showed a statistically significant reduction in the incidence of surgical wound infection for those receiving the additional oral antibiotics. 28 48 49 However, two of these studies used inadequate parenteral antibiotics such as metronidazole alone, 48 or piperacillin alone. 28 Oral neomycin plus erythromycin, given from nine to 20 hours before the operation, is a regimen commonly used in the United States. The main aim is to reduce the risk of bacterial contamination by reducing the bacteria in the large bowel. Some trials showed that oral neomycin and erythromycin on the day before surgery was eVective, but further lowering of the rate of surgical wound infection may be achieved by adding parenteral antibiotics immediately before the operation. 50 51 One RCT examined diVerent methods of parenteral administration. 52 Patients received sulbactam and ampicillin either as a bolus injection, or bolus plus continuous infusion. The main aim of the trial was to assess concentrations of the drugs in diVerent abdominal tissues. The sample size was too small to detect significant diVerences between the groups with regard to the number of surgical wound infections.
Adverse eVects
Although toxicity and adverse eVects are important issues for selecting prophylactic antimicrobials, these problems do not often occur with short term use. Over half of the identified trials measured and reported results of adverse eVects after antibiotic prophylaxis in colorectal surgery. Skin rash, diarrhoea, and nausea were the most frequently reported adverse eVects that may be attributable to the use of some antibiotic prophylaxis. Patients with a history of allergy to drugs were not included in the trials. No serious toxicity or adverse eVects were reported except in one trial of latamoxef (Moxalactam), a drug which is not currently licensed in the UK. 53 
Risk factors of surgical wound infections
It was not possible to do a reliable analysis of risk factors from the trials included in the review because potential risk factors were inconsistently measured and findings might have been selectively reported. However, factors that were often reported in the included trials as being associated with an increased risk of surgical wound infection in colorectal surgery included duration of operation, obesity, the presence of drains, left-sided colonic resection, and inflammatory bowel disease. Two trials reported that the surgeon's experience can be a predictor of post-operative wound infection. 37 54 Perioperative blood trans-fusion was also found to be associated with an increased risk of surgical wound infection in two trials. 36 39 Contamination of the surgical wound by pathogenic organisms from both outside and inside the body is an important factor related to the risk of surgical wound infection, although it does not necessarily mean that infection will be inevitable. 55 Because a large volume of bacterial flora is contained in the large bowel, mechanical bowel cleansing is normally used before surgery.
The risk of surgical wound infection increases if the patient's resistance is compromised because of, for example, radiotherapy, corticosteroid treatment, chemotherapy, previous transplantation, diabetes, old age, obesity, or weight loss. 56 In addition, the patient's local resistance may be impaired because of interference with the blood supply at the operation site.
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Antibiotic resistance A regimen of antibiotic prophylaxis in surgery may become ineVective because of the development of antibiotic resistant bacteria. The type and extent of antibiotic resistance varies "from country to country and among institutions within a country". 58 There is good evidence that inappropriate and over prescribing of antibiotics can increase the spread of resistant bacteria. 59 It has been suggested that the development of antibiotic resistant bacteria may be reduced if hospital infections could be prevented and if the use of antibiotics could be reduced. 60 By preventing post-operative wound infection, a single dose or short term antibiotic prophylaxis can reduce the need for long term antibiotic treatment and therefore may contribute to reducing selection of antibiotic resistant bacteria. On the other hand, to be eVective, prophylactic antibiotics should be chosen according to the local presence and prevalence of antibiotic resistant bacteria. 60 For these reasons, the search for the ideal prophylactic regimen must be a continuous process, and universal acceptance and use of any particular regimen should be avoided.
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Cost Post-operative wound infections are costly for the NHS and its patients. The net cost of antimicrobial prophylaxis depends not only on the cost of the regimen (including the cost of drugs and the cost to prepare and administer) but also on the savings after using antibiotic prophylaxis, such as the savings due to a reduction in hospital stay. When there is no diVerence in the eYcacy and safety of prophylactic antibiotics, the cost and ease of use are of great importance for the selection of regimens. 61 62 It may be possible to reduce the cost of antibiotic prophylaxis without adversely aVecting surgical wound infection rate. [63] [64] [65] [66] [67] This can be done, for example, by single dose or short term use (less than 24 hours after operation) instead of inappropriate long term use of antibiotics, and by using more eVective and less costly drugs and routes of administration.
Surgical practice
Evidence from UK hospital surveys suggests that inappropriate use of antimicrobial prophylaxis is common. In one district hospital in England, major problems associated with the use of such drugs in abdominal and arterial surgery were identified. These included no antibiotics at the induction of anaesthesia, the use of questionable antibiotics both at induction of anaesthesia and post-operatively, and unnecessarily long post-operative administration of antibiotics. After the identification of these problems, guidelines were developed and, although the antibiotic regimen recommended may not have been optimal, the use of surgical antibiotic prophylaxis since their introduction became more appropriate. The cost of antimicrobial prophylaxis for each surgical patient was also reduced from £38.13 to £16.93.
A survey of guidelines for antimicrobial prophylaxis in surgery in 392 hospitals in the UK found that formal guidelines were available in only 47% of the 160 responding hospitals. 68 A more recent survey of existing antibiotic policies showed that cefuroxime (a second generation cephalosporin) plus metronidazole was the most frequently recommended policy. 7 The British National Formulary currently recommends either a single dose of gentamicin plus metronidazole or cefuroxime plus metronidazole, given 2 hours before surgery for the prevention of infections after colorectal procedures. 69 Existing guidelines and recommendations may still not be optimal, and continual evaluation of the appropriateness of the antimicrobial prophylaxis in surgical practice needs to be done at a local level.
Conclusions
The results of this review confirm that antibiotic prophylaxis is eVective in the prevention of surgical wound infection in colorectal surgery. Although universal acceptance and use of a regimen should be avoided, 61 there are certain issues that should be considered when selecting an antimicrobial prophylaxis regimen for colorectal surgery:
x Antibiotics or antibiotic combinations should be active against both aerobic and anaerobic bacteria x The administration of antibiotics should be timed to make sure that the tissue concentration of antibiotics around the wound area is suYciently high when bacterial contamination occurs x It appears that some regimens, such as metronidazole or piperacillin alone, may not be adequate. The eVectiveness of many diVerent regimens may be similar and it is diYcult, if not impossible, to identify the best one x InsuYcient evidence exists to suggest that new generation cephalosporins are more eVective than first generation cephalosporins in preventing surgical wound infection after colorectal surgery x Single dose regimens have been shown to be as eVective as multiple dose regimens for the prevention of surgical wound infections, and are likely to be associated with less toxicity, fewer adverse events, less risk of developing bacterial resistance, and lower costs. The development of bacterial resistance may be reduced by the appropriate use of antimicrobial prophylaxis in colorectal surgery because the prevention of surgical wound infections will reduce the need for long term, postoperative, antibiotic treatment. The use of single dose rather than multiple dose regimens, and the use of established antibiotics instead of new drugs should be encouraged, providing eYcacy is not impaired.
Future research should focus on the understanding of the practical use of antimicrobial prophylaxis in colorectal surgery in the UK and the cost eVectiveness of diVerent regimens of antibiotic prophylaxis. Based on the best available research evidence, guidelines should be developed locally by surgeons, microbiologists, and pharmacists, taking into account local resistance profiles to achieve more cost eVective use of antimicrobial prophylaxis in colorectal surgery. Such guidelines should be constantly reviewed and updated because no definitive version can be established.
